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(54) METHOD AND APPARATUS FOR EXFOLIATION OF RESIN FILM AS WELL AS MASK AND 
MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To enhance the exfoliation speed of a resist and to 
completely exfoliate and remove a resist-film peripheral part by 
a method wherein an assistance gas whose kind is different 
from that of the air is blown intermittently on a region which is 
irradiated with far-ultraviolet rays. 

CONSTITUTION: A dry plate 10 which has a resist film 3 is 
placed on a movement stage 18 together with a hot plate 9, and 
it is heated to about 200°C by the hot plate 9. In this state, 
while the stage 18 is being moved to a direction along the side 
of the dry plate 10, a region in a resist-film peripheral part 4 is 
irradiated, via an optical fiber 12, with far-ultraviolet rays, at a 
wavelength of 200 to 300nm, which are radiated from a 
condensing lens 7 for a far- ultraviolet ray projector 1 1, and, 
while the stage 18 is being moved, the peripheral part of the 
resist film 3 is irradiated sequentially and continuously along the 
side of the dry plate 10. Then, in parallel with this, two different 
kinds of assistance gases are blown alternately, via an 
assistance-gas blowoff and evacuation nozzle 13, on a region 
including the part which is irradiated with the far-ultraviolet 
rays on the resist film 3. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Processed substrate (1) Resin film put upwards (3) Far-ultraviolet light which condensed (DUV) 
A migration exposure is carried out continuously and it is this resin film (3). This far-ultraviolet light (DUV) 
Irradiated field (4) It sets to the resin film exfoliation approach removed selectively, and is this far- 
ultraviolet light (DUV). To an exposure and coincidence This far-ultraviolet light (DUV) Field currently 
irradiated (4) The resin film exfoliation approach characterized by spraying assist gas intermittently and 
making the ambient atmosphere of this field change intermittently. 

[Claim 2] Processed substrate (1) Resin film put upwards (3) Far-ultraviolet light which condensed (DUV) 
A migration exposure is carried out continuously and it is this resin film (3). This far-ultraviolet light (DUV) 
Irradiated field (4) It sets to the resin film exfoliation approach removed selectively, and is this far- 
ultraviolet light (DUV). To an exposure and coincidence This far-ultraviolet light (DUV) Field currently 
irradiated (4) The resin film exfoliation approach characterized by spraying the assist gas of a different class 
by turns, and making the ambient atmosphere of this field change by turns. 

[Claim 3] The resin film exfoliation approach according to claim 1 or 2 characterized by said resin film 
consisting of resist film. 

[Claim 4] it lays on a migration stage (18) and this migration stage (18) - having - a front face - resin film 
(3) Processed substrate (1) which it has Hot plate (9) which carries out loading heating It has a condensing 
system and is this resin film (3). It is a field (4) a part. It is far-ultraviolet light (DUV) upwards. The far- 
ultraviolet light exposure device to irradiate (11), this far-ultraviolet light (DUV) it irradiates - this - a part 
— field (4) Resin film exfoliation equipment characterized by coming to have the assist gas spraying device 
(13) in which two or more kinds of assist gas is sprayed by turns intermittently [ assist gas / one kind of]. 
[Claim 5] The manufacture approach of the mask characterized by having the process which removes 
selectively this resist film on this glass substrate periphery by said resin film exfoliation approach according 
to claim 1, 2, or 3 before performing pattern exposure on this resist film, after applying the resist film on the 
glass substrate with which the light-shielding film was formed. 

[Claim 6] The manufacture approach of the semiconductor device characterized by having the process 
which removes selectively this resist film on the periphery of this semi-conductor substrate by said resin 
film exfoliation approach according to claim 1 , 2, or 3 before performing pattern exposure on this resist 
film, after applying the resist film on a semi-conductor substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of of the equipment used for the 
resin film exfoliation approach and it, and the mask and semiconductor device using said resin film 
exfoliation approach. 

[0002] In recent years, the defective size which has an adverse effect on the engine performance of a device, 
and poses a problem is becoming still finer with detailed-izing and high-degree-of-accuracy-izing of a 
device pattern. Therefore, in the production process of the mask used for a semiconductor device or its 
manufacture, it becomes very important to prevent generating of the detailed foreign matter (particle) 
leading to the above-mentioned defect. 

[0003] The debris (resist dust) of the resist used for the patterning mask of a mask pattern or a device pattern 
is in one of the causes of generating of the foreign matter which leads to the above-mentioned defect. When 
this resist dust applies a resist with a spin coat method on the substrate of glass or a semi-conductor, a resist 
puts it on the periphery of a substrate thickly, it is because this thick resist is missing in the shape of a flake 
and falls by the clamp of the substrate in the time of substrate conveyance etc., and has been an important 
technical problem in the resist process at the time of preventing generating of this resist dust manufacturing 
said mask and semiconductor device. 
[0004] 

[Description of the Prior Art] Drawing 5 is the mimetic diagram showing the condition after resist spreading 
of the dry plate 60 in a reticle (mask) production process, and is drawing 5 R> 5 (a). The top view of this dry 
plate, and drawing 5 (b) This side-face sectional view is shown. 

[0005] The dry plate 60 in a reticle production process is drawing 5 (b). The chromium layer 52 as a light- 
shielding film is formed in the front face of a glass substrate 51 so that it may be shown, and it is thickness 
on it. The 500nm resist film 53 is usually formed by the spin coat method. It originates in this formation 
approach, the less than 2-5mm periphery 54 rises thickly from the circumference of the resist film 53, and 
the highest amounts to about 1 .5 micrometers. 

[0006] resist 53P to which this periphery 54 rose thickly Although it became flake-like dust, it was easy to 
exfoliate and this resist dust has adhered to the resist front face in the state of a dry plate by contacting other 
bodies when clamping a dry plate for conveyance or exposure It adheres to the part from which the resist 
was removed in the phase which developed negatives and carried out patterning of the resist film 53 after 
exposure, and the problem of generating a pattern defect in the case of pattern etching of the chromium layer 
52 performed by using this resist pattern as a mask is produced. 

[0007] Then, it notes that a resist decomposes by the exposure of far-ultraviolet light, and is removed 
conventionally. The ** which does not touch the substrate side where the resist film was put after forming 
the resist film with a spin coat on a glass substrate, The resist film of the periphery of a glass substrate 
irradiates far-ultraviolet light selectively to the field put thickly. The alternative exfoliation approach of the 
resist film using the following equipment from which the resist film of the part is removed was developed, 
and the method of removing beforehand selectively the resist film of the periphery clamped by this on the 
occasion of exposure, conveyance, etc., and avoiding the above-mentioned problem was offered. (JP,05- 
333564,A) 

Drawing 6 is the mimetic diagram of the conventional resist exfoliation equipment which was equipped with 
the device in which the above-mentioned resist film is removed selectively, and has the spin coat device of 
the resist film. 

[0008] drawing 6 - setting - 1 - a glass substrate and 2 - a chromium (Cr) layer and 3 - the resist film and 
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4 — the periphery of the resist film, and 5 - far-ultraviolet light (DUV) a lamp and 6 — a reflecting mirror 
and 7 — a condenser lens and 8 — in a gobo and 9, a far-ultraviolet light projector and 23 show a spin coater 
and the nozzle for [ 24 ] the bottoms of resist notes in susceptor and 25, and, as for a hot plate and 10, 26 
shows a carrier robot, as for a dry plate and 11. 

[0009] In the resist exfoliation approach using this equipment, a dry plate 1 0 is first fixed on a hot plate 9, 
and this is placed on the susceptor 24 of a spin coater 23. And on the Cr film 2 of a dry plate 1 0, from a 
nozzle 25, a resist is supplied, and the spin coat of the resist film 3 is carried out, and it is formed. 
Subsequently, on the occasion of clearance of resist film 3 periphery 4, a dry plate 1 0 is conveyed to a far- 
ultraviolet light floodlighting location with a hot plate 9 with a carrier robot 26. and it is the prebaking 
temperature of a resist by the hot plate 9 - for example - while holding at 200 degrees C - the resist 
periphery 4 ~ width of face of about 5mm - for example, - the far-ultraviolet light which has the 
illuminance of 200 mW/cm2 — 100 mm/min A sequential exposure is carried out with the scan speed of 
extent, and the resist film 3 of the periphery of a dry plate 10 is selectively removed by width of face of 
about 5mm. 

[0010] Thus, since the resist film 4 of dry-plate 10 periphery clamped on the occasion of exposure etc. is 
removed beforehand, the dry plate 10 which has the formed resist film 3 on a front face produces the 
effectiveness that generating of resist dust is prevented. 
[0011] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned conventional resist exfoliation 
approach had the slow exfoliation rate of a resist, when the resist film was thickly put especially on the 
periphery of a dry plate, in the above-mentioned scan speed, the resist of this periphery is not fully removed, 
but has the problem that generating of resist dust cannot prevent thoroughly, and had to make the scan speed 
late further. 

[0012] Then, this invention makes exfoliation clearance of a resist film periphery perfect, without reducing 
the scan speed of far-ultraviolet light by raising the exfoliation rate of the resist in the resist exfoliation 
approach of using far-ultraviolet light, and it aims at preventing thoroughly the failure by the resist dust 
generated in said exposure process etc., without being accompanied by buildup of a process move. 
[0013] 

[Means for Solving the Problem] In the resin film exfoliation approach of removing selectively the field to 
which solution of the above-mentioned technical problem carried out the migration exposure of the far- 
ultraviolet light which condensed on the resin film put on the processed substrate continuously and which 
was irradiated by this far-ultraviolet light of this resin film the exposure of this far-ultraviolet light, 
simultaneously the resin film exfoliation approach by this invention to which spray assist gas on the field 
currently irradiated by this far-ultraviolet light intermittently, and the ambient atmosphere of this field is 
made to change intermittently — or In the resin film exfoliation approach of removing selectively the field to 
which the migration exposure of the far-ultraviolet light which condensed on the resin film put on the 
processed substrate was carried out continuously and which was irradiated by this far-ultraviolet light of this 
resin film The resin film exfoliation approach by this invention which the assist gas of a class which is 
different to the field currently irradiated by this far-ultraviolet light is sprayed [ this invention ] on an 
exposure and coincidence of this far-ultraviolet light by turns, and makes the ambient atmosphere of this 
field change to them by turns, or a migration stage, The hot plate which carries out loading heating of the 
processed substrate which is laid on this migration stage and has the resin film on a front face, It has a 
condensing system. This resin film a part The far-ultraviolet light exposure device which irradiates far- 
ultraviolet light on a field, Resin film exfoliation equipment this far-ultraviolet light is irradiated — this — a 
part — it is based on this invention which comes to have the assist gas spraying device in which two or more 
kinds of assist gas is sprayed on a field by turns intermittently [ assist gas / one kind of] — Or after applying 
the resist film on the glass substrate with which the light-shielding film was formed, The manufacture 
approach of the mask by this invention which has the process which removes selectively this resist film on 
this glass substrate periphery by said resin film exfoliation approach according to claim 1 , 2, or 3 before 
performing pattern exposure on this resist film, Or after applying the resist film on a semi-conductor 
substrate, before performing pattern exposure on this resist film It is attained by the manufacture approach 
of the semiconductor device by this invention which has the process which removes selectively this resist 
film on the periphery of this semi-conductor substrate by said resin film exfoliation approach according to 
claim 1, 2, or 3. 
[0014] 

[Function] Wavelength 200-300nm If the far-ultraviolet light which is extent is irradiated at the resist of 
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resin, decomposing a resist into carbon dioxide gas and water, and being removed is known. 
[0015] However, if far-ultraviolet light is irradiated within the ambient atmosphere of the assist gas of fixed 
classes, such as oxygen (02), in that case, with the passage of time, a resist front face becomes inactive, the 
rate of the above-mentioned reaction will fall and the exfoliation rate of a resist will become slow. 
[0016] Then, in the resin film exfoliation approach of this invention, in case far-ultraviolet light is irradiated, 
for example in atmospheric air and resist exfoliation is performed, the ambient atmosphere of the assist gas 
of this field under this far-ultraviolet light exposure is changed by turns by spraying intermittently one kind 
of assist gas with which atmospheric air differs from a class on the field to which far-ultraviolet light is 
irradiated, or spraying by turns two or more kinds of a certain assist gas with which it is and sowings differ. 
[0017] Since the irradiation time of the far-ultraviolet light continuously irradiated in one kind of assist gas 
by doing in this way is divided very much for a short time, the thickness of the inactive substance film 
formed becomes very thin, and exfoliation clearance is easily carried out at the step of the far-ultraviolet 
light exposure in the assist gas of the class from which a degree differs. 

[0018] Therefore, during a far-ultraviolet light exposure, since the front face of the resist film is not covered 
with an inactive substance but turns into an activity always resist table labor attendant, the exfoliation rate of 
the greatest resist in the inside of said assist gas is maintained, and its exfoliation rate of a resist improves 
substantially compared with the former. 

[0019] Therefore, by removing selectively the periphery of the resist film by which the spin coat was carried 
out on the dry plate or the semi-conductor substrate with the application of the resin film exfoliation 
approach concerning above-mentioned this invention Since the resist film of those peripheries with which 
this dry plate or a semi-conductor substrate is clamped is thoroughly removable from the former in a short 
time While compaction of a manufacture move can be aimed at, generating of the resist dust by the clamp of 
the dry plate for exposure etc. or a semi-conductor substrate is avoided, and the pattern defect of the mask 
which originates in this resist dust and is produced, or a semiconductor device is prevented. 
[0020] 

[Example] Below, a graphic display example explains this invention concretely. The timing diagram of one 
example of the resin film exfoliation approach of this invention and drawing 4 of the important section 
mimetic diagram (the 1) of one example of the resin film exfoliation equipment which drawing 1 requires 
for this invention, the important section mimetic diagram (the 2) of one example of the resin film exfoliation 
equipment which drawing 2 requires for this invention, and drawing 3 are the process sectional views of one 
example of the resin exfoliation approach of this invention. The same agreement shows the same object 
through a complete diagram. 

[0021] In the important section mimetic diagram (the 1) of drawing 1 showing the exfoliation processing 
section of the resin film exfoliation equipment concerning this invention In 1, a glass substrate and 2 the 
resist film and 4 for Cr layer and 3 The periphery of this resist film, 5 is far-ultraviolet light (DUV). A lamp 
and 6 a condenser lens and 8 for a reflecting mirror and 7 Gobo, For a hot plate and 1 0, a dry plate and 1 1 
are [ 9 ] DUV. Lamp, Far-ultraviolet light projector, Reflecting mirror, Gobo, the far-ultraviolet light light 
transmission machine constituted with the condenser lens etc., 12 — an optical fiber and 13 — an assist gas 
blowout and an exhaust nozzle, and 14 - an assist gas blowout nozzle and 15 - a local ventilation nozzle 
and 1 6 — an assist gas supply pipe and 1 7 — an exhaust pipe arrangement and 1 8 — a migration stage and 
DUV Far-ultraviolet light is shown. 

[0022] Moreover, it sets to the important section mimetic diagram (the 2) of drawing 2 showing the assist 
gas supply control section of the resin film exfoliation equipment concerning this invention. 16 is an assist 
gas supply pipe and 19 A. The 1st solenoid valve and 19B The 2nd solenoid valve, 20A The 1st assist gas 
supply pipe and 20B The 2nd assist gas supply pipe, The positive crankcase ventilation valve with which, as 
for the positive crankcase ventilation valve with which, as for 21 Al, 21 A2, the positive crankcase 
ventilation valve with which, as for 21 A3, a flow meter, 22A1, and 22B102 are supplied, 22A2, and 22 B- 
2, 03 is supplied, 22 A3, and 22B3, N2 is supplied, and 23 show the assist gas control section. 
[0023] For example In case the periphery of the resist film by which the spin coat was carried out on the dry 
plate by the approach of this invention using two kinds of assist gas 02 and 03 is selectively removed in 
mask manufacture of 125mm angle Using the resin film exfoliation equipment shown in said drawing 1 and 
drawing 2 by the spin coater same with the former as equipment (refer to drawing 6 ) attached to this 
equipment which is not illustrated In the condition of having been carried on the hot plate 9 It is thickness 
on the Cr layer 2 of the front face of the glass substrate 1 of 125mm angle. After carrying out the spin coat 
of the about 500nm resist film 3, The dry plate 10 which has this resist film 3 is laid on the migration stage 
18 the whole hot plate 9. Hot plate 9 It heats at about 200 degrees C. Wavelength emitted from the 
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condenser lens 7 of the far-ultraviolet light projector 1 1 while moving in the direction along the side of a dry 
plate 10 in the condition on a stage 18 200-300nm far-ultraviolet light (DUV) A field with a width of face 
[ of the periphery of the resist film 4 ] of about 5mm is irradiated through an optical fiber 9. And according 
to migration of said stage 18, the sequential per-continuum exposure of the periphery of the resist film 3 is 
carried out along the side of a dry plate 10 by width of face of about 5mm, and it goes. And in parallel to it, 
02 and 03 of two kinds of different assist gas through an assist gas blowout and an exhaust nozzle 13 are ' 
sprayed on the field containing the part currently irradiated by said far-ultraviolet light of the resist film 3 by 
turns, and the ambient atmosphere of the field currently irradiated by this far-ultraviolet light is switched to 

02 and 03 by turns. It is made by the assist gas supply control section of 02 and 03 of this assist gas which 
shows control of the class of gas of mutual spraying, a quantity of gas flow, timing, etc. to drawing 2 . 
Namely, 1st assist gas supply pipe 20 A Inside, from the positive crankcase ventilation valve 22 A 1 
connected to it, control 02 to a predetermined flow rate, and it is supplied. 2nd assist gas supply pipe 20B 
Inside, from positive crankcase ventilation valve 22 B-2 connected to it, control 03 to a predetermined flow 
rate equal to 02, and it is supplied. It is the 1st solenoid-valve 19A by the assist gas control section 23. The 
2nd solenoid-valve 19B It opens and closes by turns to predetermined timing, and is made by supplying 02 
and 03 to the assist gas supply pipe 16 by turns to predetermined timing. 

[0024] Drawing 3 is the far-ultraviolet light (DUV) in this example. The injection time b and c of 02 and 

03 injected by turns in the irradiation time a of DUV is controlled by the timing diagram which showed the 
relation of the timing of a blowout of different assist gas from the timing of an exposure of 02 and 03 by 3- 
5sec, respectively. 

[0025] it sets in this example - a DUV lamp - a metal halide lamp - using wavelength whenever [ near 
250nm / far-ultraviolet Mitsuteru ] ~ 200mW/cm2 It adjusted. (Moreover, the migration (scan) rate of a far- 
ultraviolet light exposure, i.e., passing speed of a stage 18, It adjusted to 100 mm/min.) Moreover, the flow 
rate of 02 and 03 of assist gas is 21. / min, respectively. Controlling, the timing of those switches is 3-5sec. 
It carried out. In addition, the field on which assist gas is sprayed by an assist gas blowout and the exhaust 
nozzle 13 is about 30mmphi. 

[0026] Drawing 4 is the ** type process sectional view of the example of the above-mentioned mask 
production process. Drawing 4 (a) It is drawing having shown the dry plate 10 which finished the spin coat 
of the resist film 3, and is the spin coat thickness of the resist film 3. Although made for the purpose of 
500nm, at the periphery 4 of the resist film 3, it is thickness 1 -1 .5. It is formed in the thickness about mum. 
[0027] Drawing 4 (b) The condition in the middle of being the resist exfoliation from which climax section 
3P of the resist of the resist film periphery 4 was removed by the approach of the above-mentioned example 
is shown. To and a pan Mutual spraying of a DUV exposure and assist gas 02 and 03 is continued, and it is 
drawing 4 R> 4 (c). It is periphery 10P of this dry plate 10 so that it may be shown. When the resist film 3 of 
a field with a width of face of 5mm is removed thoroughly and the Cr film 2 of this field is expressed 
thoroughly, alternative exfoliation clearance of the resist film 3 is completed. 

[0028] According to this example, it is the scan speed of the above-mentioned far-ultraviolet light. It is 
drawing 4 (c) at 100/min. It is 1-1 .5 so that it may be shown. The resist film 4 of dry-plate 10 periphery 
which had adhered to mum grade thickly was removed thoroughly. This shows that the exfoliation rate of a 
resist improved by 2 to 3 times over the past. 

[0029] In the above-mentioned example, although the resin film exfoliation approach concerning this 
invention was applied to mask manufacture, by transposing the above-mentioned dry plate to a semi- 
conductor substrate, it is applied also to manufacture of a semiconductor device, and, of course, can deal in 
the same effectiveness. 

[0030] Again Although two kinds of different assist gas was sprayed by turns in the above-mentioned 
example and the ambient atmosphere of a far-ultraviolet light exposure field was changed by turns Since the 
ambient atmosphere of a far-ultraviolet light exposure field changes to atmospheric air and 03 by turns even 
if it sprays intermittently one kind of assist gas of a different component presentation from atmospheric air 
using the equipment of the above-mentioned example, 03 [ for example, ], at intervals of the above- 
mentioned example and resemblance into atmospheric air, the almost same effectiveness as said example is 
acquired. 

[0031] Furthermore, when using two kinds of different assist gas again, the mixed gas of a different 
presentation which mixed and formed the assist gas of a single component by the assist gas control section 
shown in drawing^ may be used as two kinds of different assist gas. 

[0032] Furthermore, even if it uses the assist gas of three or more kinds of different classes, of course, it 
does not interfere again. 
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[0033] 

[Effect of the Invention] Since the periphery of the resist film by which the spin coat was carried out on the 
dry plate or the semi-conductor substrate is thoroughly [ are a short time and ] removable from the former 
selectively according to the resin film exfoliation approach which starts this invention like explanation 
above, while compaction of the manufacture move of a mask or a semi-conductor substrate can be aimed at, 
the pattern defect which originates in resist dust and is produced in a mask or a semiconductor device is also 
prevented. Therefore, the place of this invention which contributes to improvement in the quality and the 
yield of the mask which has a detailed and highly precise pattern, and a semiconductor device etc. is large. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 

?Mi.2M 2 ,?//b^K+ 



Oi Of «2 Oi 03 Hi 

[Drawing 3] 




DUVJgft P 



-IcE- 
[Drawing 1] 



Tuin- 



-Ji 



TJ1_ 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/29/2005 



JP,08-017708,A [DRAWINGS] 




Ml 



ivzmx%tom.jxn, 13^ 



2 A 



3 



r 



1 ff?7&m. 



y2 



[Drawing 4] 



(a) 



ex. 



4 

ft 

-2 
I J 



Jo 



V-3 

2 



(C) 

[Drawing 5] 



/3 JflP 



v-2 
—I ) 



io 



http ://www4 . ipdl .ncipi .go . jp/cgi-bin/tran_web_cgi_ejj e 



JP,08-017708,A [DRAWINGS] 



Page 3 of 3 



! 1 




[Drawing 6] 




[Translation done.] 



http ://www4. ipdl . ncipi . go .jp/cgi-bin/tran_web_cgi_ejj e 



12/29/2005 



